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1 OBJECTIVES AND LIMITATIONS 
1.1 OBJECTIVES 


This analysis of snow avalanche hazard on Colorado highways was requested by the 
Colorado Department of Transportation. As outlined in RFP #94-777, this study has the 
following objectives: 


a. Quantification of the avalanche hazard on designated highways and on 
individual avalanche paths through calculation of an avalanche hazard index (AHI) 
that quantifies hazard to moving and waiting traffic; 


b. Discussion of general avalanche hazard mitigation strategies on highways and 
individual avalanche areas; and 


c. Recommendations about the numerical AHI level at which mitigation strategies 
become appropriate. 


The avalanche hazard index (AHI) vaiues in this study have been calculated using the 
method outlined by Schaerer (1989), which is discussed in Section 2 of this report. 


1.2 LIMITATIONS 


This study also has the following limitations which should be understood by all those 
using the results: 


a. The AHI values calculated In this study are relative (or index) values only. 
Although these values may be correlated with the actual hazard or damage 
potential in given areas they do not represent encounter probabilities between 
vehicles and avalanches. 


b, The AHI values are estimates which are based on the best currently available 
data and interpretation of avalanche frequency, size, and behavior. Much of the 
information is based on personal knowledge of each area. If more detailed data 
become available, the results and conclusions presented here may be modified. 


c. Avalanche control or mitigation (active or structural methods), if applied or 
modified in certain areas, may reduce the AHI as discussed in Section 5. 


d. The avalanche control alternatives and recommendations discussed for the 
most serious avalanche paths and areas in Section 5 have not been based on site 
specific feasibiltty studies, such studies may modify some of the conclusions 
presented here. 


2 THE AVALANCHE HAZARD INDEX (AHI) 
2.1 INTRODUCTION 


The avalanche—hazard index (AHI) is a numerical expression representing damage and 
loss potential as the result of an interaction between snow avalanches and vehicles on 
a road (Schaerer, 1989). The concept was first developed in Canada (Avalanche task 
force, 1974), and has been applied at various locations in North America and New 
Zealand (Fitzharris and Owens, 1980; Armstrong, 1981; Mears and Newcomb 
(unpublished); Mears and Alaska Mountain Safety Center, 1992). The AH has been 
Calculated in this study for 23 different Colorado Mountain highways that are exposed to 
avalanches. 


As defined by Schaerer, 1989, avalanche hazard is the expected frequency of damage 
and loss as the result of an interaction between an avalanche and objects or persons. 
Hazard contains two elements, (a) the frequency (or probability) of an encounter and (b) 
the nature and magnitude of the resulting damage from the avalanche. 


2.2 DAMAGE POTENTIAL AND WEIGHTING THE CONSEQUENCES 


The severity of the potential damage is used to define three idealized classes of 
avalanches as follows. 


Light Snow. Flowing avalanches of light snow cross and block the highway, deposit snow 
approximately 1 to 3 feet (0.3 - 1.0m) deep, and could push a car off the road but not 
bury it. Light snow avalanches are assigned a weighting factor of 3. 


Deep Snow. Flowing avalanches of deep snow deposit snow to a depth of more than 3 
feet (1.0m), could bury or push vehicles off the road and could severely damage a vehicle 
and injure or kill occupants. Deep snow avalanches are assigned a weighting factor 
of 10. 


Plunging Snow. Plunging snow avalanches fall onto a road at high speeds after 
descending steep terrain or push vehicles off the road down a steep slope. Plunging 
snow avalanches are assigned a weighting factor of 12. Many Colorado avalanches 
must be classified as the plunging—snow type because at many sites highways cross 
avalanches on a steep slope where an avalanche encounter can push a vehicle down a 
steep slope. 


2.3 AVALANCHE FREQUENCY AND WIDTH 


Avalanche frequency and width (iength of road covered) must be estimated for each path 
separately for light snow, deep snow, and plunging snow. Frequency is expressed as the 
average number of occurrences of a given type of avalanche in a given path per year. 
The average avalanche width for each type of avalanche in each path is also estimated. 
Both frequency and width are determined from highway records and field evidence, as 
discussed in Section 3. 


2.4 CALCULATING THE AHI 


The AHI is calculated by muitiplying the frequencies of moving and waiting vehicles being 
hit by various types of avalanches by the weighting factor discussed in Section 2.2. The 
encounter probability, P is calculated 


P=P,,+ Py, where (1) 


P,, is the probability of a moving vehicle being hit by an avalanche and P,, is the 
probability of a waiting vehicle being hit by a second avalanche in the same path or by 
adjacent avalanches. When avalanches are closely spaced, as they are on Red 
Mountain Pass, P becomes large even though traffic volume is light. The moving vehicle 
encounter probability, P,, is calculated 


P,, = fN,L,D,T,V), where (2) 


N = average winter traffic volume, L = average roadway length covered by avalanches 
of a given class, D = vehicle stopping distance, T = return period of avalanches of a given 
class, in years, and V = average vehicle speed (which also controls D). The calculation 
in (2) is repeated for each avalanche path and each class of avalanche in that path. The 
term P,, becomes an important factor anly when traffic volume is very high as on I-70 
through Ten Mile Canyon. The waiting vehicle encounter probability Py, is calculated 


Py = f(p,,N,T) + 0.5%p',,N,T), where (3) 
p, = probability of an avalanche In an adjacent path hitting stopped traffic during a waiting 
period ranging from 0.5 to 2.0 hours, depending on emergency response time, N is the 
number of vehicles exposed (depending on traffic volume, response time, and the spacing 
of avalanches), T is the avalanche return period in years, and p', is the probability of a 
second avalanche in the path that caused the traffic blockage. 
The avalanche hazard index (AHI) is calculated for each path, i, as follows: 

AHI, = = W, (Py; + Py), where (4) 


the subscript j refers to the three classes of avalanches and are assigned weighting 
factors 3, 10, and 12 (Section 2.2). 


Finally, a cumulative AHI, is calculated for each segment of highway affected by 
avalanches as follows; 


AHI, = = AHI, (5) 


where 1 <i <n, and nis the number of paths on the highway segment, H, considered. 


As discussed by Schaerer (1989), each avalanche path (together with its nelghboring 
paths) was assumed to be independent of other avalanche paths on the road. Therefore, 
the same avalanche was assumed to hit both moving and waiting traffic each time it 
occurred after another avalanche had already covered the road. It could be argued that 
the hazard index could be made more realistic by taking into account that the traffic stops 
after one avalanche occurrence and that each avalanche can strike vehicles only once, 
However, this would not allow a comparison between individual avalanche paths which 
is one of the primary objectives of this analysis. Therefore a slmpler approach was 
adopted to calculate the index. 


The calculations outlined above were computed on a spreadsheet developed for this 
project. Details of the spreadsheet parameters are given in Appendix A of this report. 


3 COLLECTION AND RELIABILITY OF THE DATA BASE 


3.1 DATA COLLECTION 


The results of the analysis, of course, are only as reliable as the data used. The data 
describing avalanche frequency, width and depth used in this study were collected from 
various sources as follows: 


a. Interviews and discussions. Colorado Department of Transportation (CDOT) 
personnel and other local sources were asked about their knowledge of avalanche 
frequency and characteristics where local knowledge was available. However, 
definitive statistical information that could be used in the AHI analysis usually could 
not be obtained from interviews. Instead, only general information about relative 
frequency was available in areas where avalanches are not a major maintenance 
problem. In such cases, frequency data could only be placed In classes such as 
"nearly every year (annual frequency = 0.30-1.0)," "every few years (annual 
frequency = 0.10 ~0.30)," "rarely (annual frequency = 0.03 - 0.10," or "never been 
observed" (annual frequency = 0.01 — 0.03). 


b. Maintenance records. CDOT Maintenance records were used where they were 
available. Detailed records, particularly of triggered avalanches, are available at 
locations where avalanches are a major concern and constitute a significant 
hazard (e.g., Red Mountain Pass, Coal Bank/Molas Passes, Loveland Pass, 
Berthoud Pass, Wolf Creek Pass). Even at these locations, data on naturally— 
occurring avalanches was not as reliable, particularly when avalanches closed the 
highway and additional avalanches occurred during the closed periods and were 
not observed until hours or days after occurrence. 


c. Estimates based on experience. Personal experience, based on observations 
of avalanche behavior and characteristics at various Colorado elevations and 
exposures, was used to supplement the data base. 


d. Vegetative indicators. Damage to trees and other vegetation growing in 
avalanche paths and/or the type and age distribution of vegetation was used to 
infer avalanche frequency and size. 


e. Winter average daily traffic (WADT) was estimated from CDOT traffic counts 
and seasonal adjustment factors. 


3.2 DATA RELIABILITY AND USE 


The data presented in this report is "internally consistent,” and thus can be used to 
compare the avalanche hazard on one Colorado highway, group of avalanche paths, or 
singie avalanche path with the hazard in other areas within the state. This internal 
consistency is a natural consequence of the fact that one person (A. |. Mears) calculated 
the AHI-values in all areas. This ensures that the avalanche hazard indexing method 


5 


was applied in a similar way in each of these areas. For example, very small avalanches 
and “bankslides" that would not block the highway were ignored in the analysis because 
vehicles probably would not be damaged and/or vehicles could drive around the 
avalanche debris and thus would not be forced to wait under adjacent avalanche paths. 
Avalanches capable of pushing a vehicle off the highway into a steep gorge where severe 
damage is likely were classified as "plunging" avalanches, the most serious hazard 
category. 


There can be no guarantee, however, that the AHI values calculated on Colorado 
Highways would be directly comparable with those calculated on highways in other states 
or countries. This is true because differences probably exist between the methods used 
to compute the AHI, data reliability probably differs from one area to the next, and other 
assumptions used in applying the AH!-method probably exist. 


4 AHI VALUES ON COLORADO HIGHWAYS 


4.1 HAZARD LISTING 


Table 4-1 lists the avalanche hazard index (AHI) computed on 22 Colorado mountain 
highways. Details of the AHI of individual avalanche paths are in Appendix B. 


Table 4-1. Avalanche Hazard and Mitigation Recommendations 


[Berthoud Pass (US 40) | _sisz|_s08 | 528 | 93/BODE 
[Cameron Pass(SH14 | as6| 02 | 18 | 2|a | 
[Siverton-Giadstone (SH110)| 100] 09 | aes | 49/800 
[creed-Soutn Fork SH 149) | 7e6[ on | 14 | 2[A 
[Cumbres/laManga (SH17) | 33a| 02 | 26 | sla 
tein SAL hat B 

[Fremont Pass (SHot) | atoz|_os | 19 | 2/A 
rt ae eae 
uretiren sie) | val e+ { aa | [aap 
Joweu tess | vest | as | ore ail eepa | 
Satan onto (eal | a he 
[MoiasiGoal Bank Us 50) | 1050| 127 | o49 | valecoe 
[Monarch Pass(uS50) | ai67|_ 59 | 169 | 23/800 
Poncha Pass (US 25) | 3005] 02 | 02 |  <i/A 
er ae reo 
Sees me) EY 
[Ten Mile Canyon (170) | i7ze3| 126 | 36 | 16[ BCD | 
[Tennessee Pass (us 24) | 2102/17 | 34 | sie 
[Tunnel Approaches (170) | 20907] 21.8 | 85 | 27|BGD 
jvailPass('7o) | ost] 16 | 34 | s[B 
Wilow Ck. Pass (SH 125) | 272] 01 | o9 | fA 


* Independence Pass is not open in winter; WADT = 1000 was assumed. 


NOTES: Column 2: WADT from Colorado Dept. of Transportation data 
Column 3: AHIM — Hazard to moving traffic 
Column 4: AHIW - Hazard to waiting traffic 
Column 5: AHI = ADIM + AHIW 
Column 6: General mitigation recommendations (see below) 


The following highway hazard ratings, based on the calculated AHI values and personal 
experience on the Colorado highways have been defined for use in this study. 


Table 4-2. Hazard categories, based on AHI 


AHI Value | Hazard Designation # eignation:|. rot Calorada: Colorada 
_—__ 4 


a 


30-49 | Moderate | 
=a High i ee 
Very High ae ee 


* Includes Independence Pass, which is currently closed during winter. 
The mitigation recommendations listed in column 6 of Table 4—1 are defined as follows: 
A: No mitigation is recommended. 


B: Observations should be taken and advisories issued during periods of major 
snowpack instability (major storms; extremely warm spring weather, etc.). 


C: Daily observations and forecasts by trained observers is necessary; closure 
may be required at times. 


D: Closure and explosive control (when advised by trained observers) will be 
probably be required several times each season. 


E: Special types of mitigation (see Section 5), including realignment, structural, 
special explosive devices, is recommended. 


F: Continue to keep highway closed during winter. 
4.2 SENSITIVITY OF AHI TO DAILY TRAFFIC VOLUMES 


As discussed in Section 2 of this report, the AHI is composed of two parts: a) the hazard 
to moving traffic (AHIM) and b) the hazard to traffic that has been blocked by an 
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avalanche and is waiting under adjacent avatanche paths (AHIW). Thus AHI = AHIM + 
AHIW. A highway with numerous, closely-spaced, relatively frequently running 
avalanches will have a high AHI even if traffic volume is light (e.g. Red Mt. Pass). On 
such highways, the AHI is strongly dominated by the risk to waiting traffic because there 
exist numerous areas along the road where vehicles can be stopped by an avalanche and 
will wait under adjacent paths. The sensitivity of AHI to traffic volumes ranging from 
WADT values ranging from 500 to 20,000 is shown on Figures 4.1 and 4.2. 


AHI vs. Winter Traffic Volume (WADT) 


Five Colorado Highways 


Avalanche Hazard Index (AHI) 


0 2 4 6 8 10 12 14 16 18 20 
Winter Average Daily Traffic (WADT) 
(Thousands) 


—a— Red Mt -—+— Mole/Coal —<— Loveland 


—s- Berthoud —<— Wolf Ck 


Figure 4.1 Sensitivity of the five most hazardous highways (Red Mt. Pass, Molas/Coal 
Bank Passes, Berthoud Pass, Loveland Pass, Wolf Creek Pass) to traffic volumes ranging 
from 500 - 20,000 ADT. Current winter average daily traffic (WADT) Is shown with a dot. 
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Avalanche Hazard Index (AHI) 
© 
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0) 2 4 6 8 10 12 14 16 18 20 
Winter Average Daily Traffic (WADT) 


(Thousands) 
—™— Lizard Head —+ McClure —*— Monarch 
—s-— Tunnel Approaches —<— Ten Mile | 


Figure 4.2. Sensitivity of the next five (also see Figure 4.1) most hazardous highways 
(Lizard Head Pass, Tunnel Approaches, McClure Pass, Monarch Pass, Ten Mile Canyon) 
to traffic volumes ranging from 500 ~ 20,000 ADT. Current winter average daily traffic 
(WADT) is shown with a dot. 
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5 MOST HAZARDOUS AVALANCHE AREAS 
5.1 INTRODUCTION 


Numerous areas on Colorado Highways are particularly hazardous because of avalanche 
frequency, width, and consequences of encounter with a vehicle (Table 5-1). In some 
cases, the potential hazard in some of these individual areas is significantly larger than 
the hazard on numerous highways (compare AH! values on Tables 4-1 to 5-1). Because 
of this high concentration of hazard, special attention to mitigation ts justified to reduce 
the risk to acceptable levels. 


TABLE 5-1. Most Hazardous Avalanche Areas 


AHI-C? 


AVALANCHE AREA HIGHWAY AREA AHI-N' 

Brooklyns Red Mt. Pass (US 550) 
67 
57 
31 


15 
20 


aM 


[Mother Giine | Red Mt. Pass (US 850) | 67 
Sisters1-6 | Loveland Pass(US6) | 87. 
[Riverside Group | Red Mt Pass (US 650) | 42 
[Eagle/Telescope | Red Mt. Pass (US 650) | 38 
Staney | Berthoud Pass (us 40) | at 
|W. lime Greek | Molas/Goal Bank (US 550) | 25 
Big Slide [Monarch Pass (US.50)_|_19 | 
E.lime Creek | Molas/Goal Bank (us sso) | 19] 0. 
[Champion | Molas/Goal Bank (us sso) | 17| 9 
Siverledse | Red Mt. Pass (USsso) | 15] a | 
BluePoint | Red Mt. Pass (US 50) | 12 
cits Grant Mesa sHos) | | 


" AHI-N: — The avalanche hazard index during natural conditions 
@ AHI-C: The avalanche hazard index after the recommended control is used 


—_ 
i | 


| 8 
|| 
04 
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5.2 RECOMMENDED MITIGATION OF HIGH-HAZARD AREAS 
BROOKLYNS; RED MT. PASS, US 550 (AHI = 76) 


The Brooklyns area is particularly hazardous because avalanches reach the highway in 
most paths more than once each year, similar starting zone orientations ensure a high 
probability of avalanches in an adjacent path after one has blocked the road, and 
avalanche debris can be deep and highly destructive to a waiting or moving vehicle. 


The complexity, extent, and steepness of the terrain eliminates practical consideration of 
supporting structures in the starting zone, GAZ.EX exploders or bomb trams, earthen 
barriers In the track, or avalanche sheds. However the valley is relatively wide and flat 
below the Brooklyns and would enable highway realignment approximately 100-300 feet 
to the west. Because the existing highway would serve as an avalanche catching 
structure and a small percentage of avalanches would reach very far to the west of the 
existing road, careful realignment could reduce the hazard by an estimated 80% from the 
current level. Throughout this section the hazard-reduction estimates are based on 
reduction from the current level. This mitigation option would actually increase the hazard 
from the Imogene (possibly by a factor of two), but the Imogene avalanche by itself is a 
small part of the hazard on Red Mountain Pass (AHI = 1.2), thus doubling the hazard in 
Imogene would be more than offset by the 80% reduction in the hazard in the Brooklyns. 


MOTHER CLINE; RED MT. PASS, US 550 (AHI = 67) 


The Mother Cline area is particularly hazardous because unstable dry or wet snow slabs 
develop on steep, smooth, northwest-facing bedrock outcroppings. Melt water 
percolation between the bedrock and the snow slabs can lead to wet snow avalanche 
releases, particularly during late—winter and spring thaw periods (mostly during late 
afternoon or evening), and dry slabs do may not bond readily to the rock outcroppings. 
In addition, extensive icicle development also threatens the highway, avalanches are the 
“plunging variety" and can fall onto a vehicle or push a vehicle into the gorge, and 
multiple avalanches can block traffic which may stop under adjacent, similar avalanche 
terrain within the Mother Cline group. 


A "GAZ.EX" exploder system would be appropriate in the Mother Cline. Two exploders 
could be mounted on the bedrock starting zone and might produce effective shock 
propagation over all the starting zones. The exploders could be solidly anchored to the 
bedrock. The high shock energy would also be effective in releasing wet snow 
avalanches. Remote triggering of a GAZ.EX system could be conducted easily, quickly, 
and safely by one or two people. A GAZ.EX installation could reduce the hazard by an 
estimated 70% but would not reduce (may actually increase) the amount of avalanche 
debris to be removed from the highway. 
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SISTERS #1-#6; LOVELAND PASS, US 6 (AHI = 57) 


Most of the avalanche hazard on Loveland Pass is concentrated in the Sisters which is 
particularly hazardous because all paths are strongly wind loaded, the terrain is steep to 
the highway, the avalanches are closely spaced, and release in one path is likely to be 
followed soon by release in an adjacent path. 


Wind fences located on low gradient terrain south and west of the starting zones could 
prevent most of the avalanches that initiate as a result of wind transportation of snow. 
This accounts for most of the avalanches in the Sisters. Wind fences would probably 
reduce the hazard by approximately 70% and would reduce snow removal costs and 
exposure of maintenance personnel. 


RIVERSIDE GROUP; RED MT. PASS, US 550 (AHI = 42) 


The "Riverside Group" includes the East Riverside (with a 180-—foot long shed already in 
place), the Riverside South, Riverside Right, Riverside Left, and the West Riverside. The 
area is particularly hazardous because of the high-velocity plunging avalanches that 
occur regularly, the lack of warning on the highway, the extreme danger to rescue or 
cleanup operations, and the fact that explosive release in the steep, complex starting 
Zones cannot always be assumed to be reliable because of starting Zone sizes and 
complexities. Approximately 50% of the hazard is concentrated in the Riverside Left (the 
avalanche path responsible for the 1992 fatality). 


The only feasible and reliable solution is an extension of the avalanche shed to the north, 
to cover the highway in the Riverside Left area. This recommended mitigation alternative 
would reduce the overall hazard to 50% of the current level in the Riverside group. A 
shed extension would also reduce (by approximately 50%) the amount of cleanup 
required on the highway. 


EAGLE/TELESCOPE GROUP; RED MT. PASS, US 550 (AHI = 38) 


This Eagle/Telescope group Is comprised of large, frequent avalanches that are generally 
cross—loaded by west winds. This cross loading results in the most frequent avalanche 
hazard. When the largest avalanches occur, cross loading may not be as important 
because entire starting zones collect snow more uniformly, but large avalanches are not 
annual events. 


Because the majority of avalanches result from the wind-loading effects discussed above, 
and because an active avalanche forecasting program is already in place, wind sensors 
should be installed on the ridge crest to enable more reliable forecasting in these paths. 
This would reduce the hazard to approximately 50% of the current level. Highway 
cleanup efforts would not be reduced as a result of this mitigation. 
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STANLEY; BERTHOUD PASS, US 40 (AHI = 31) 


The Stanley is a large, frequent avalanche path located in a Front Range area of known 
strong winds, and smooth snow accumulation areas up wind from starting zones. The 
majority of avalanches in the Stanley result from snow deposition into the left (looking up) 
side of the main starting zone over a elevation range of 500-1000 vertical feet. 


Wind fences (3 or 4 rows) should be located on the ridge above timberline to reduce the 
amount of snow transported into the starting zone. This would reduce the hazard by an 
estimated 70%. The amount of avalanche debris deposited on the highway would also 
be reduced, thus maintenance would be simplified. 


ROCKWALL GROUP; RED MT. PASS, US 550 (AHI = 29) 


This group of paths (known collectively as "Rockwall") produces moderate-sized, frequent 
avalanches that plunge onto US 550 and can easily push a vehicle off the highway. 


The ultimate mitigation solution would be a light avalanche shed open on the downhill 
end. However, since the affected highway length is approximately 2,000 feet, a shed 
would be too expensive at this location. Starting Zones are also too complex to install 
supporting structures or GAZ.EX. The only feasible mitigation alternative is to continue 
with the avalanche forecasting program on the highway. Forecast accuracy would be 
improved if the wind sensor discussed above under "Eagle/Telescope" were installed. 
Mitigation in this path would reduce the hazard to 50% of natural level. Highway cleanup 
efforts would not be reduced as a result of this mitigation. 


WEST LIME CREEK; MOLAS/COAL BANK PASSES, US 550 (AHI = 25) 


The West Lime Creek avaianche path(s) affect more than 2,000 feet of US 550 near Coal 
Bank Pass. Avalanches fall from steep upper slopes (above a prominent cliff band) or 
moderately steep lower slopes. Long fracture lines are possible in which all or most of 
the avalanche path can release simultaneously, or portions of the path can release as 
individual smaller paths thus exposing vehicles to adjacent avalanches after traffic has 
been blocked, The extensive starting zones and terrain that remains steep to the 
highway precludes fixed starting—zone structural or fixed blaster mitigation or earthen 
barriers, dams, or other avalanche energy dissipators in the track. The extensive highway 
length precludes the use of avalanche sheds. 


The recommended form of avalanche mitigation is realignment of highway 550 to the east 
on avalanche-free terrain. This would also eliminate hazard from the East Lime Creek 
avalanche area which presents a similar hazard. The West and East Lime Creek 
avalanche paths together have an AHI value of 44, a value that would be reduced to zero 
if the recommended mitigation were used. Alternately, the avalanche forecasting, 
highway closure and explosive control, should continue to be conducted after close 
consultation with trained observers. This would reduce the hazard to approximately 50% 
of the present level in both paths. 
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BIG SLIDE; MONARCH PASS, US 50 (AHI = 19) 


Big Slide, approximately 0.5 mile below the Monarch Ski Area, is located on steep, 
broken terrain on which avalanches fall as much as 800 feet above US 50, plunging onto 
the west-bound lane. By itself, Big Slide constitutes nearly all of the hazard on Monarch 
Pass. Hazard can be particularly severe during heavy snowstorms which are also the 
times when traffic is drawn to the Monarch Ski Area because of good skiing conditions. 
Major avalanches can sweep vehicles off both lanes into the gorge even though the road 
is three lanes wide because of a passing lane. Starting zone mitigation (supporting 
structures or fixed gas exploders) are not reasonable alternatives because of the 
complexity of the steep starting Zone terrain and apparent lack of good anchors for either 
structures or exploders. The steep terrain also precludes structures in the track or lower 
runout zone. An avalanche shed is probably not economically feasibie because of the 
required structure length (8300-500 feet) and width (approximately 50-—foot width of the 
3-lane). 


The only feasible form of mitigation is a) forecasting for snowpack instability, b) closure, 
and c) delivery of explosives by avalauncher or hand charge routes, Close cooperation 
with the Monarch Ski Area snow safety personnel is essential and installation of 
snowpack and weather sensors near the top of Big Slide is recommended. These steps 
will reduce the hazard to approximately 50% of the natural hazard. 


EAST LIME CREEK; MOLAS/COAL BANK PASSES, US 550 (AHI = 19) 


East Lime Creek has many of the terrain, weather, snowpack and avalanche 
characteristics discussed for West Lime Creek. Avalanche frequency is less than at West 
Lime Creek because of slightly less steep terrain and more rapid snowpack stabilization 
because of exposure, however, similar to West Lime Creek, the East Lime Creek 
avalanche can affect more than 2,000 feet of highway, can release at one time or in parts 
and therefore can stop traffic under adjacent avalanche areas. 


Mitigation for East Lime Creek would be accomplished by realignment (discussed under 
West Lime Creek, above). This would eliminate the avalanche hazard. Alternately, as 
with West Lime Creek, the avalanche forecasting, highway closure and explosive control, 
conducted after close consultation with trained observers, should be continued. The 
forecast/control procedure would reduce the hazard to approximately 50% of the current 
level in both paths. 


OTHER PATHS (TABLE 5-1) WITH AHI > 10 


The other paths listed on Table 5-1 with AHI > 10 (Champion, Silver Ledge, and Blue 
Point on US 550 and Cliffs on Grand Mesa [SH 65)]) all require special attention because 
of relatively high avalanche hazard. However expensive structural control is not justified. 
In each of these areas the avalanche hazard should be mitigated by careful monitoring 
of the snowpack, weather, and avalanche conditions (as is being conducted now under 
the CDOT/CAIC agreement). 
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5.3 HAZARD REDUCTION THROUGH SPECIAL MITIGATION 


Table 5-2 indicates the approximate reduction in avalanche hazard that would result if 
the special mitigation methods discussed in Section 5.2 were used. The most significant 
hazard reduction would occur on Red Mt. Pass, Molas & Coal Bank Passes, Loveland 
Pass, and Berthoud Pass. 


TABLE 5-2. Hazard Reduction on Various Routes 


PASS AHI (Before Mitigation) AHI (After Mitigation) 


Red Mountain Pass 
Molas/Coal Bank Passes | wt | 
71 


Loveland Pass a ee 
Berthoud Pass Co 


The largest numerical reduction in AHI would result on Red Mountain Pass, a reduction 
from 335 to 173 = 162. However, although cost estimates are beyond the scope of this 
study, this would probably also be the most expensive highway mitigation. The largest 
percentage hazard reduction would be on Loveland Pass, a 59% AHI reduction (from 80 
to 33). The mitigation on Loveland Pass would probably be relatively inexpensive. 
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APPENDIX A. DESCRIPTION OF SPREADSHEET 


Calculation of all AHI values were done on a Spreadsheet (Quatto Pro 3.1) which Is being 
provided on disk with this report. Description of this spreadsheet and various formulas 


used are given here. 


Column 


moomeeEN<XE<CAMDOTVOZECAC~ITOMmMIOU> 


Formula 


Velocity 


L Max 


N Wait P 
N Wait D 
N Wait L 
PW P 
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AHI SPREADSHEET (en Quattro Pro 3.1) 
Designator 


Descantia 


Avalanche path name 
Avalanche path number 

Avg. Daily Traffic (ADT) 

Traffic velocity at aval. 

Stopping distance at aval. 

Max. (trimline) length 

Length Plunging Avail. 

Length Deep Aval. 

Length Light Avai. 

# plunging aval. per year 

# deep aval. per year 

# light aval. per year 

Moving encounter Prob. (Plung.) 
Moving encounter prob. (Deep) 
Moving encounter prob. (Light) 
AHI Moving (Plunging) 

AHI Moving (Deep) 

AHI Moving (Light) 

Prob. of second aval. 

#f waiting vehicles (Plunging) 

# waiting vehicles (Deep) 

# waiting vehicles (Light) 
Waiting encounter prob. (Plung.) 
Waiting encounter prob. (Deep) 
Waiting encounter prob. (Light) 
AHI - waiting (Plunging) 

AHI - waiting (Deep) 

AHI - waiting (Light) 

Moving encounter prob. (overall) 
Waiting encounter prob. (overall) 
AHI for path (overall) 


AHI SPREADSHEET FORMULAS (QUATTRO PRO) 


Column Form, # Formula 


E (1) StopDist = +(D11*(22/15)*0.9) + 
((22/15)*D1 1*(22/15)*D11)/12.88 

M (2) PM P = +(J11)*(C11)*(E11+G11)/(D11*5280*24) 

N (3) PM D = +(K11)*(C11)*(E11+H11)/(D11*5280%24) 

O (4) PM L = +(L41)*(C11)*(E11411 1)/(D1 1*5280*24) 

P (5) AHI MP = +M11*12 

Q (6) AHI MD = +N11*10 

R (7) AHI ML = +011*3 

a (8) N Wait P = +G11/50 

U (9) N Wait D = +H11/50 

V (10) N Wait L = +111/50 

WwW (11) PW P = +S11*T11*J11 

x (12) PW D = +811*U11*K11 

ry. (13) PW L = +S11*V11*L11 

Z (14) AHI WP = +W11*12 

AA (15) AHI WD = +X11*10 

AB (16) AHI WL = +Y11%3 

AC (17) PM = +M11+N11 +4011 

AD (18) PW = +W11 + X11 + Y11 

AE (19) AHI = +P11 + Q11+A11 +211 + AA11 + ABI1 
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APPENDIX B: AHI ON VARIOUS HIGHWAYS AND AVALANCHE PATHS 


Tables 4-3 through 4-26 provide the results of the AHI calculations on all avalanche 
paths considered in this study. Small bank slides have not been included even though 
they are listed in the various avalanche atlases because they will not block the highway. 


The following data are tabulated: (a) avalanche path name, (b) AHI for moving traffic 
AHI-M, (c) AHI for waiting traffic (AHI-W), (d) composite AHI ([AHI-—M] + [AHI-W)). 


Table 4-3. Berthoud Pass (US 40) AHI values by path 


a 
foe es oe 

an ee ee 
cameend lon 2 on. [os 
'sertoud Fats [oa ‘Yass 
pe saney fos fsa 
fstaiey nema 
[Seneysaus [17 ——idise Sid 
Troopers for iat SSC 
Trova Pak tari 
Fe a 
reoy fas idee SSC 
Tninaty os ids id 
ee a 7a (a 
lowes ae eo 
[one-ten fos iar 
a ae a (aes 
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[Name | AHEM 
NoName Banks [32 [59 ft 


AHI-M: Hazard to moving traffic 
AHI-W: Hazard to waiting traffic 
AHI: Composite AHI (AHI-M + AHI-W) for avalanche path 
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Table 4-4. Cameron Pass (SH 14) 
Avalanche Path AHI 


Back Diamond Se 


Snakes 
AHI-M: Hazard to moving traffic 
AHI-W: Hazard to waiting traffic 
AHI: Composite AHI (AHI-M + AHI-W) 
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Table 4-5. Silverton — Gladstone (SH 110) 
Avalanche Path AHI 


Ohio Gl 


Crore foo ‘dor ion 
Treats. foo ida Sid 
a Te Fe 
Twimnesom [oxides iden 
[ead unter for —idss——S—idsa 
feie ‘foo ——+itos Siw 
Twcngan foo os ios 
a Cc 
a a 


[aeogact [or [ss iar 
a 
TProset foo ito iat 
[Biackacx [oo foo ——~idon 
‘bump Sou foo—~+dos Sida 
[oumpnotm [a0 ——~idfos——SS—~id ws 
yaw foo iw Sido 
[wimp foo fer ides 
[waumpe [eo ea —ijes 
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AMyF foo fo 
Terai foo fo 
Bilboard forte 
GrssyGi joo fot fo 
lilinoisai foo foo ct 
[Maybeso foo, fot fot 
[MayseNot_ foo fon fo 
vik foo foo foo 


AHI-M: Hazard to moving traffic 
AHI-W: Hazard to waiting traffic 
AHI: Composite AHI (AHI-M + AHI-W) 
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Table 4-6. Creed - South Fork (SH 149) 
Avalanche Path AHI 


AHI-M: Hazard to moving traffic 
AHI-W: Hazard to waiting traffic 
AHI: Composite AHI (AHI-M + AHI-W) 
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Table 4-7. Cucharas Pass 
Avalanche Path AHI 


[name [anim anew 
[Boys foo foe 
Twideat Bark [oo fori 
Fons oo ___fos fa 


AHI-M: Hazard to moving traffic 
AHI-W: Hazard to waiting traffic 
AHI: Composit AHI (AHI-M + AHI-W) 
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Table 4-8. Cumbres & LaManga Passes 
Avalanche Path AHI 


AH 
Windy Point foo fe 
Rai Banks fot tt 
Toteo for fos 

Ce ee 
Trreesight loo fon 


AHI~M: Hazard to moving traffic 
AHI-W: Hazard to waiting traffic 
AHI: Composite AHI (AHI-M + AHI-W) 
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Table 4~9. Douglas Pass (SH 139) 
Avalanche Path AHI 


AHI-M: Hazard to moving traffic 
AHI-W: Hazard to waiting traffic 
AHI: Composite AHI (AHI-M + AHI-W) 
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Table 4-10. Fremont Pass (SH 91) 
Avalanche Path AHI 


icant Jer Jer fos 
izes [oo [a9 Jon 
[mama [oa [or fox 
Iizone [oo [ox Jes ‘J 
fie zens [ao orf 
fwezere [a0 ‘fas on 
facie A Joo [oo Jay 
fice 8 [og fag fo 
a 
[rion os Joa fag 
[vows [eg Jago 
ents fa Jas far 


SChute si Chute 


AHI-M: Hazard to moving traffic 
AHI-W: Hazard to waiting traffic 
AHI: Composite AHI (AHI-M + AHI-W) 
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Table 4-11. Grand Mesa (SH 65) 
Avalanche Path AHI 


NAME AHI-W 
oe te pee es 


aspenBank fot 


AHI-M: Hazard to moving traffic 
AHI-W: Hazard to moving traffic 
AHI: Composite AH! (AHI-M + AHI-W) 


29 


Table 4-12. Independence Pass (SH 82) 
Avalanche Path AHI 


NAME 
Gordon Gulch 
Parry 

White Star 


Smith Gulch 
Arlington 


Last Chance 
Hayden 


Mears 13 
Fingers A 0.1 


FingersB [oo fot 
Fingers C joo fo fo 
Campground forts fo 


NAME AHI-M ABW 
Star Mt. E joo foe foe 
rn a ee 


[take ce fos ———id 

fiakecke fos ios id 
[s-back fog 
Becert fos fot 
Guent —foa ftw ft 
uenu fo tft 
[Mountain Boy Jos 
JERoaring Fk. [96 [ooo on 
W.Roarng Fk [26 fant faa 
Hunter foe ft 
[Prospect foe 4a 
[ind@A foo ft 
indes foo fox fost 


ftostMan fot foe fo 
pwiiam fot foe 
fammta fos fea 
james fos ff 
Goto foo fo fo 
[Puncoow foo fot foe 
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fTagetsA foo fon fot 
fTagetsB foo fon fot 
fTagetso foo fot 


Difficult foo fon 


Inde Bowl 
[smuggler Ce ee 


AHI-M: Hazard to moving traffic 
AHI-W: Hazard to moving traffic 
AHI: Composite AHI (AHI-M + AHI-W) 


NOTE: Independence Pass is closed during the avalanche season. A winter average 
daily traffic (WADT) of 1000 was assumed in calculations. Reliable data on avalanche 
frequency and width were not available, therefore frequency and width estimates based 
on terrain, vegetation and susceptibility to wind-transported snow were made. If 
Independence Pass were ever opened during the entire winter, the avalanche hazard 
would be in the same range as avalanche hazard on Red Mountain Pass. 
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4-13. Lizard Head Pass (SH 145) 
Avalanche Path AHI 


NAME AHI-M AHI-W AHI 


fRockside foo foo fot 
Balak joz foe 
Spear foo fo fo 
AztecGuich foo fot fo 
S.Ranger fost 
NRanger foo fon fo 
Yellow Spr.wal [os fev 72 
Yellow Spr. Guly |o7 29 6 


Peterson 


rscoacxs for ——ifow Sits 
[coacks fords ~—SOSC~id 
[coarck for ios ——SC~idt ws 
[ooackn for Sidon SSC~id 
[cote ovens for ides SCs 

lotion 

for ion id 


Coke Ovens N 
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NAME faAHEM few fa 
Barow Banks 00 1 
SateckA foot 


Slate Ck B 
Slate Ck C 
Slate Ck D 
Slate Ck E 
Slate Ck F 
Slate Ck Bank 
1 Snow Spur SW 
Snow Spur E 
Snow Spur NW 
Yellow Mt 
Mudslide 


iM = : 
| + 


(os) 


° no o lo 
No aa | oo 
Oo |S 
> | oO 


Waterpipe 


[Moh foo foo ft 
[Panther foo, foot 
jou foo fof 
a Se 
JOprirNeede foo foo, 
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Table 4-14, Loveland Pass (US 6) 
Avalanche Path AHI 


[name | AIM fate [an 
| Loveland Barn Bank or fog dog 


Sleeper 


[owe sone fox fos far 
BoyScot fon fs 
[am cr Jos Jos [x2 
ne ee ae 
pNoname foo fos fo 
Gray foo fot fot 
uipef fos fae 


A Lil Prof 


AHI-M: Hazard to moving traffic/ AHI-W: Hazard to waiting traffic/ AHI=(AHI-M)}+(AHI~W) 
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Table 4-15. McClure Pass (SH 133) 
Avalanche Path AHI 


AH 
snr ox faa [a 0.9 

[tong GutBank fos 

[Headaches fone 
[Shot Grutehit [oa sed 
tone Tree) __[oa _{i__[ne 
———— 


arpa Bot [as Jor 
arp ares [ur Jos | 
Hairpin Banks) foo foe 0 
Fan Bow 03 [oa Jaa uw 
jtone TreeBowi() foo toa foe 
BearsBank foo =f fc 
Upper Campground [oo foot 

[Middle Campground foo font 

Lower Campground foo fon fot 
GystalOne foo fo fo 
[Gystitwo foo ff 


eras fst are 


‘Hazardtomovingtrafic #8 ©. 
nee ard to waiting fee 
AHI: Composite AHI (AHI-M + AHI-W) 
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Table 4-16. Molas & Coal Bank Passes (US 550) 
Avalanche Path AHI 


[Gladstone North foo fon fot 
Giadstones. foo fo fo 
[Jennie ParkerN. [os [4a 
jennie Parkers. los faa 0 
Peacock fos tf 
[Harley Shot fog fart 
‘Champion fae tat ft 
Deadwood for fo foe 
[Deadwood foo foo fo 
KinoMine foo fot fo 
Wateral fos fs 
MForest oo 

Springs 02 

172 


DeerCkN fot 
DeerCkS oz 
1.2 
0.7 


es 
oe, 


25.4 


Goal Bank [06 


Coal Ck W 4 


Cs ee 


Engin C 0.7 


N. Lime Ck 0 
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0.4 
7 


AHi-M: Hazard to moving traffic 
AHI-W: Hazard to waiting traffic 
AHI: Composite AHI (AHI-M + AHI-W) 
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Table 4-17. Monarch Pass (US 50) 
Avalanche Path AHI 


NAME AHI-M AHI-W 


Crest Bowl 


AHI-M: Hazard to moving traffic 
AHI-W: Hazard to waiting traffic 
AHI: Composite AHI (AHI-M = AHI-W) 
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Table 4-18. Poncha Pass (US 285) 
Avalanche Path AHI 


NAME AHI-M AHI-W 
MP 122 0.238258 0.1611 0.399358 


TOTAL 0.238258 0.1611 0.399358 
AHI-M: Hazard to moving traffic 
AHI-W: Hazard to waiting traffic 
AHI: Composite AHI (AHI-M + AHI-W) 
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Table 4-19. Red Mountain Pass (US 550) 
Avalanche Path AHI 


Avil a Cr 
[WaterGauge || on 


Old S. Min. Ad. 


75.9 

|Cemetey fonts fw 
isttwin oa foe fo 
fRedtPass foo fof 
[AlbaryGueh foo foo fo 
[EGuadaupe fo at 
Sipperydim fos 
femvers. jz tao fe 
fERvesite fos 
[Nemergercy toa fog foe 
jot fo for fo 
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NAME 
Dunsmore 
Mother Cline 
Silver Point 
Ruby Wail 
Jackpot 
White Fir 


Sliver Gulch ae (ee 


> 
x 
> 
ae 
l 

> 
= 


bh | O 

@® | o 
NY 1H | oOo 
=a IM [Ay 

® 


i 
i 
i 


W Riverside 


So 

—_h 
o|o wo 1h 1m 
a NIN IN 
oO 


> 
wo 
rN 
~] 


W Guadalupe 


ronton joo fon foe 


Full Moon 


Richmond a Ce 
Meine foo fot fo 
0.2 


Galena Lion 


fo) 
—_ 


oO —_hk 
ht TN 3 


O};- |7 {+ 
h f—= [mya 
~] 


Governor 


Thompson 
Barstow 


Idarado 


Saedal le 
om | ek 


Willow Swamp 
Blue Willow 
Blue Point 


Snowflake 


—A 
, oO 
ss — 


10.2 


SivertedeN foo fof 
SiverLedge mil) fos tat 
Porcupine) fz foot 
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“1 
2(3 z 
5 |5 a 
=> |e 


Adi 
Eagle (U) 

Telescope (U) 

Muleshoe 

Telescope (L) 

Eagle (L) 


Porcupine (L) joo foo fot 


/siverLedge mil) [oo for fon 
imogere foe? tt 
Batieship fot fos fo 
[Pumphouse [0.0 ft ft 
Instr foo foo fo 


AHI-M: Hazard to moving traffic 
AHI-W: Hazard to waiting traffic 
AHI: Composite AHI (AHI-M + AHI-W) 
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Table 4-20. Basalt - Aspen (SH 82) 
Avalanche Path AHI 


an a 


AHI-M: Hazard to moving traffic 
AHI-W: Hazard to waiting traffic 
AHI: Composite AHI (AHI-M + AHI-W) 
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Table 4-21. Ten Mile Canyon (I-70) 
Avalanche Path AHI 


‘King Soloman fo2 foo fo 
fExceior fos fot fw 
mot joa foo fos 
mo2 fos foo fo 
jeers4 fos fos fog 


juitietim fos fon tow 
fDaniel fos fo fw 
[Mears7 fos foot fw 
fMearse@ fos foe for 
fMearso [oa fos tt 
fMears10 foo foe te 
[Mearst1 fog foe 82 

[Pons fos fos 

[WneelerA fos, fot fo 
WneelerB [oa fous fo 
fMearsi2 fos fon fos 
Heoperiet__f9g___tee _fag 


[Mears13 | 13 
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AHI-M: Hazard to moving traffic 
AHI-W: Hazard to waiting traffic 
AHI: Composite AHI (AHI-M + AHI-W) 
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Table 4-22. Tennessee Pass (US 24) 
Avalanche Path AHI 


ame ane anew fa 
-Swicrbeck for fan fag 
a CY 
[ciman fasion 
watertank for foo fot 
oirtBanks fos fot 


fredcit  fos, foe fo 
pect ___Jee fen 
Rule rs es 


AHI-M: Hazard to moving traffic 
AHI-W: Hazard to waiting traffic 
AHI: Composite AHI (AHI-M + AHI-W) 


47 


Table 4-23. Tunnel Approaches (I — 70) 
Avalanche Path AHI 


= 0.1 
Snowdit i fo2_ fod 02 
Ponders fos fof 

[Pendleton fos foo, fs 
LBrow's for foo fot 
Brown faz foo fo 
Pinkerton fos fot fos 
Gouda. fos fot fos 
Deadmanai for foo fo 
Gary fon foo fot 
[Thompsong. fos fot fe 
pad fos fon fw 
Bethel fae fom 
[Lazy susan fos fon Sow 
Batch Pint 18 fos fz 
[Seauttcct [ie fog go 
[sagitcc2 [16 fea —ideo 
[svat [x0 ioe 
wristorot faa fos te 
[whistler West [to fo 
pwnister no fot 
a Ce 
1.4 


TOTALS 


a 7-1 Pe a a 7 IS 


; : to moving traffic 
AHI-W: Hazard to waiting traffic 
AHI: Composite AHI (AHI-M + AHI-W) 
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Table 4-24. Vail Pass (I-70) 
Avalanche Path AHI 


/Marvine | 


AHI-M: Hazard to moving traffic 
AHI-W: Hazard to waiting traffic 
AHI: Composite hazard (AHI-M + AHI~W) 
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Table 4-25. Willow Creek Pass (SH 125) 
Avalanche Path AHI 


pname fan faew a 
Fwiiews foo fof 
‘witow2 [oo fox ion 
jwitows feo __jos _foa ___ 
wiiows foo 


joo foe 
eo __fox__ fo 


AHI-M: Hazard to moving traffic 
AHI-W: Hazard to waiting traffic 
AHI: Composite AHI (AHI-M + AHI-W) 
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Table 4-26. Wolf Creek Pass (US 160) 
Avalanche Path AHI 


Ca FC Te ( 
Paisades tt fat 
JTunneicuve fos fos fe 


Switchback 
Stud Muffin 


Upper Coyote 


Big Coyote 
Boulder Ck. W. 


Ea 


alll 


| NAME AHI-M AHI-W 
Tucker Ponds Roadhead 
1.3 
0 


alo lo alo 
ee ee eS area ae 


Moore's 0. 


| 173.85 


1 


Narrows Fingers 


So 
[fe) 


Narrows East 


1 
at 


Ji 


i 


{ 
| 


Big Meadows 

Big Meadow Cliff 
Columbine 

Wolf Ck. Ranch 
Park Ck. Roadhead 
Fun Valley 
TOTALS 10.1 43.4 


(=) 
o 


P 


= 
ho 


t 


© 
ho 


sd 
~] 


AHi-M: Hazard to moving traffic 
AHI-W: Hazard to waiting traffic 
AHI: Composite AH! (AHI-M + AHI-W) 
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